Introduction
The most common type of control system for a multivariable process is the multiple monovariable controller (diagonal controller matrix). The reason for this is its convenience in design and tuning and in most cases also acceptable performance. It is clear however, that a multivariable controller will in general yield a better performance, but has the inconveniences of higher complexity, less operator comprehension, more difficult tuning etc.
The pairing of variables in multivariable control is an important and interesting subject in itself which has been dealt with by many authors [4] , [1] . In the following it shall be assumed that a proper pairing has been performed so that the analysis will be based upon a fixed stucture of the model.
The problem at hand is to develope simple criteria for system stability of multivariable systems with multiple (diagonal) control in terms of the parameters of the individual uncoupled control systems and the properties of the cross-coupling elements. This problem can be solved in general terms, but the solution has little value with respect to understanding the system behavior for systems that are of higher complexity than say 4x4 (4 inputs and 4 outputs). The knowledge gained by studying 2x2 and 3x3 systems however, is quite significant and is believed to settle most practial problems.
System analysis
The system shown in the block diagram of Figure I (24) + (h13h31½4 -hl4h,1h -hI3h213) h4 (25) and (29) The case of a 2x2 system is simpler than the 3x3 system because the function Y12 of (19) is only depending on process parameters (not the controller parameters) whereas in the 3x3 case the function Y of (16) is depending also on all the controller parameters through the factors M1.
This leads to the proposal of an iterative procedure in which the function Y of (26) (16), (21) In most cases the above procedure will converge in few steps, particularly if the controllers are tuned one at a time.
Frequency Response Stability Criterion
The conditions for the expression of (26) to have zeros only in the left half plane, can be detemined using the Nyquist Stability Criterion. In fact it is convenient to introduce stability margins in this graphical representation quite similar to that known from single loop systems using the Nichols chart EXAMPLE An example of a very simpe 3x3 process control system will illustrate the method described above. The system is shown in Figure 4 . It consists of three control valves installed in a piping system in which three water streams are mixed. These streams have flows denoted q, ( If for simplicity it is assumed that each of the controllers hi are ideal PID-controllers which are tuned so that the integral time is equal to the largest time constant and the derivative time is equal to the smallest time constant in each uncoupled loop and furthermore each loop is adjusted to a gain margin of 2 (6 dB), then it is easily shown that good approximations to the first iterations of the closed loop tansferfunctions will be is given different dampings (0,2-2,0). Clearly the system is unstable with 43 = 0.2, on the limit of stability with 43 = 0.485 and has very small margin of stability for 43 > 0.485.
Since the flow loop Ml is about one decade faster than the two other loops, it is clear that retuning of this loop will not influence very much the total behavior. Therefore the next proposal will be to adjust the temperature loop while keekping the two other loops at their nominal tuning ( 4 = 4 = 0.485). This is shown in Figure 6 . It is seen that for 42 = 0, 2 tge system is unstable. For 52 0, 485 the system is close to instability or has very small stability margin.
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